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Animal Toxicology
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Introduction
As a number of reviews on different aspects of

the toxicology of the PCBs have been written re-

cently (1-4) no effort has been made in this report to
give a complete outline of the animal toxicology.
The material summarized in this report consists

predominantly of more recently published informa-
tion on toxic effects of PCBs in mammals and ex-

perimental studies in birds. Since Nelson et al. (3)
discussed extensively the toxic effects produced in
fish by PCBs, the reader is referred to this and the
other reviews cited above for information on tox-
icity of PCBs in this species.
The emphasis of the present review was placed

on chronic toxic effects wherever possible. Unfor-
tunately, very little information was available for
halogenated dibenzofurans and the brominated
biphenyl mixtures.

Acute Toxicity
Polychlorinated Biphenyls (PCB)

The acute oral LD50 of the PCBs in rats, rabbits
and mice ranges from 1 to 10 g/kg body weight (Ta-
bles 1 and 2.) There is some indication that young

animals may 'be more sensitive than adults, and
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females more sensitive than males (Table 1). Ac-
cording to the classification used by the American
Industrial Hygiene Association (12), the acute tox-
icity of the PCBs can be classed as slightly toxic
(0.5-5 g/kg body weight) to practically nontoxic
(5-15 g/kg body weight).
The symptoms associated with administration of

a toxic dose of PCB (Aroclor 1242) in rats consists
of diarrhea, diminished exploratory behavior, de-
creased response to pain stimuli, chromo-
dacryarrhea, adipsia, oliguria, anorexia, erythema
of limbs, followed by ataxia, coma, and death.
Death occurred up to 14 days following administra-
tion of the toxic dose. At 24 hr after administration
of a single toxic dose of Aroclor 1242, gross
pathological examination indicated all organs ap-
peared normal except the liver and kidneys. No in-
flammation was observed in the abdominal and in-
testinal mucosa. Histopathological findings showed
large discrete sudanophilic vacuoles in the hepato-
cytes. Widely scattered foci of tubular epithelial
cells were present in the kidneys (7). However,
Kimbrough (1) reported ulceration of the gastric and
duodenal mucosa in rats after single oral doses of
3000 mg/kg Aroclor 1254 or 1260.
Only one metabolite of PCB is known to have

been tested for the acute LD50. The 5-OH metabo-
lite of 2,4,3',4'-tetrachlorobiphenyl was more toxic
than the parent compound (0.43 g/kg body weight,
relative to 2.15 g/kg body weight (Table 1). Dermal
toxicity of PCB is summarized in Table 3.

Polybrominated Biphenyls (PBBs)
Polybrominated biphenyls show a low order of

acute toxicity to the rat (Table 4). In the case of
chicks, a 37% mortality was reported when PBB
was administered in the diet at a level of400 ppm for
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Table 1. Acute toxicity.

LD5,.
Compound tested Species and sex Route g/kg body weight Reference

Aroclor 1254 Rat (adult, Sherman strain) Oral 4-10 (5)
Aroclor 1260 Rat (adult, Sherman strain) Oral 4-10 (5)
Aroclor 1254 Rat (weanling, Sherman strain) Oral 1.295 (5)
Aroclor 1260 Rat (weanling, Sherman strain) Oral 1.315 (5)
Aroclor 1254 Rat (female, Sherman strain) Intravenous 0.358 (5)
Aroclor 1221 Rat (female, Sherman strain) Oral 4.00 (6)
Aroclor 1262 Rat (female, Sherman strain) Oral 11.3 (6)
Aroclor 1240 Rat Oral 4.25 (7)
Aroclor 1254 Rat (Wistar, 30-day-old, M-F) Oral 1.3 (8)
Aroclor 1254 Rat (Wistar, 60-day-old, M-F) Oral 1.4 (8)
Aroclor 1254 Rat (Wistar, 120-day-old, M) Oral 2.0 (8)
Aroclor 1254 Rat (Wistar, 120-day-old, F) Oral 2.5 (8)
Kaneclor-400 Rat (Wistar, M) Oral 1.30 (ml/kg) (9)
Kaneclor400 Rat (Wistar strain, F) Oral 1.14 (mllkg) (9)
Kaneclor400 Mice (CFI strain, M) Oral 1.875 (ml/kg) (9)
Kaneclor-400 Mice (CFI strain, F) Oral 1.57 (ml/kg) (9)
Kaneclor-300 Rat (Wistar strain, M) Oral 1.15 (9)
Kaneclor-300 Rat (Wistar strain, F) Oral 1.05 (9)
BP-200 biphenyls of Mice (dd strain, F) Oral 6.36 (10)

dichloride and below
2,4'-Dichlorobiphenyl Mice (dd strain, F) Oral 7.86 (10)
Trichlorobiphenyl Mice (dd strain, F) Oral 3.06-4.25 (10)
Biphenyl of trichloride Mice (dd strain, F) Oral 9.27 (10)
and below

2,4,3',4'-Tetrachlorobiphenyl Mice (DVI strain) Intraperitoneal 2.15 (11)
5-OH derivative of 2,4,3'4'- Mice (CFI strain) Intraperitoneal 0.43 (11)

tetrachlorobiphenyl
2,3,4,3',4'-Pentachlorobiphenyl Mice (CFI strain) Intraperitoneal 0.65 (11)

Table 2. Oral LD50 (rat).a

LD5o,
Compound tested g/kg body weight

Aroclor 1221 (Undiluted) 3.98
Aroclor 1232 (Undiluted) 4.47
Aroclor 1242 (Undiluted) 8.65
Aroclor 1248 (Undiluted) 11.0
Aroclor 1260 (50% soln in corn oil) 10.0
Aroclor 1262 (50%o soln in corn oil) 11.3
Aroclor 1268 (50%o soln in corn oil) 10.9

a Data of Panel on Hazardous Substances (6).

Table 3. Skin LD50, rabbits.a

LD50,
Compound tested g/kg body weight

Aroclor 1221 (Undiluted) 2.000-3.169
Aroclor 1232 (Undiluted) 1.26 -2.0
Aroclor 1242 (Undiluted) 0.794-1.269
Aroclor 1248 (Undiluted) 0.794-1.269
Aroclor 1260 (50%o soln in corn oil) 1.26 -2.0
Aroclor 1262 (50%o soln in corn oil) 1.26 -3.16
Aroclor 1268 (33.3% soln in corn oil) 2.5

a Data of Panel on Hazardous Substances (6).

Table 4. LD50 of polybrominated biphenyls.

Compound Species Route LDRO, g/kg Reference
FireMaster BP-6 Rat Oral 21.5 (13)
Octabromobiphenyl Rat Oral >2 (14)
Octabromobiphenyl Bobwhite Oral >12.5 (14)

quail
Hexabromobiphenyl Rabbit Dermal >5 (14)
Octabromobiphenyl Rabbit Dermal >10 (14)

15 days. Of eight guinea pigs fed 50 ppm dietary
PBB, seven died (15). Effects noted included corti-
cal atrophy of the thymus, adrenal enlargement,
marked depletion of the follicles, and periarteriolar
lymphocyte sheaths of the spleen.

Subacute and Reproductive
Effects of PCBs, PBBs, and
Chlorinated Dibenzofurans

Mammalian Subacute Effects of PCBs
In contrast to the acute toxicity (oral and dermal)

of the PCBs which is of relatively low order when
the substances are administered as a single dose,
aspects of subacute toxicity of both the PCBs and
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individual chlorinated biphenyls appear to be of far
greater concern, exhibiting species sensitivity and
cumulative toxic effects following continuous expo-
sure at low levels.
When groups of mice were given toxic rice bran

oil containing 1600 ppm PCBs or 5000 ppm of PCB
mixture with 48% chlorine, the toxicity response
was similar in the two groups (16).

In a group of rats fed 2000 ppm of Phenochlor
DP-6, deaths occurred between the 12th and 26th
days; enlarged livers, atrophy of the spleens, and a
progressively induced hepatic porphyria were noted
(17). Administration of 1000 ppm of Aroclor 1254 in
the diet of rats resulted in deaths between the 28th
day and 53rd day (100% mortality) of feeding (18),
50o mortality at the same dosage in an 8-month
study was reported by Kimbrough et al. (19).
Two groups of 52 male Sherman strain weanling

rats were fed 100 ppm Aroclor 1242 (6.6-3.89 mg
Aroclor/kg body weight) or 100 ppm Aroclor 1016
(6.9-3.5 mg Aroclor/kg body weight) for 6 months,
and 54 rats were fed ground chow. Groups of four
rats were sacrificed at intervals. Microscopic
examination of the liver showed evidence of lipid
accumulation, enlarged liver cells, inclusions in a
number of livers, and hemorrhage and necrosis in
one animal per experimental group. No difference
in effect between the two compounds was noted
(20).

Rats given 100 mg Aroclor 1242/kg body weight
by stomach tube every other day for 3 weeks
showed histopathological changes only in the liver
and kidneys as foci of sudanophilic vacuolation but
no overt signs of toxicity (7).
Rats (Sprague-Dawley) given 100 ppm of

2,5,2',5'-tetrachlorobiphenyl in the diet for 3 weeks
showed less liver hypertrophy and fewer biochemi-
cal changes than rats given a similar dose of Aroclor
1248 (21).
Administration of 100 mg/kg body weight of

Aroclors 1242 or 1254 orally to rabbits once a week
for 14 weeks resulted in enlarged livers with appar-
ent destruction of the rough endoplasmic reticulum
and atrophy of the uteri, while Aroclor 1221 did not
cause this effect (22).
The unusual sensitivity of mink to PCBs was re-

ported by Aulerich et al. (23) who noted 100Yo mor-
tality within 6 months following administration of 30
ppm PCB (10 ppm each of Aroclor 1242, 1248, and
1254) to adult mink. Feeding of Aroclor 1254 at
levels of 5 and 10 ppm in the diet for 4 months led to
a dose-dependent retardation of weight gain of
growing female mink. Platonow and Karstad (24)
produced 100% mortality in mink when they fed this
species 3.6 ppm Aroclor 1254 in the diet for 105
days.

Rhesus monkeys are also very sensitive to PCBs
(25). For example, adult female rhesus monkeys
(Macaca mulatta) have been fed diets containing
2.5, 5.0, and 25.0 ppm of Aroclor 1248 over periods
ranging from 2 months for the higher PCB levels to 1
year for the two lower doses (26, 27). Animals on
the 25 ppm dose developed facial edema, alopecia,
and acne within 1 month, and one of six animals had
expired as a result of PCB intoxication 2 months
after removal from the diet. The total intake of
PCBs ranged from 250 to 400 mg/animal. As was the
case with the higher doses, these animals developed
anemia, hypoproteinemia, bone marrow atrophy
and severe hypertrophic hyperplastic gastritis. PCB
concentrations in subcutaneous adipose tissue av-
eraged 127 ppm at termination of the experimental
diet and 34 ppm 8 months later. Surviving animals
continued to show clinical signs and lesions of PCB
intoxication 2 years following PCB exposure (28).
When adult rhesus monkeys were fed diets con-

taining 2.5 and 5.0 ppm Aroclor 1248 for 1 year, the
females of the group developed periorbital edema,
alopecia, erythema and acne from lesions that in-
volved the face and neck within 1 to 2 months (26,
28). Although males consumed more PCB, they ex-
hibited only moderate periorbital edema and
erythema. An abnormal dysplastic growth pattern
of the gastric mucosa was also noted in male rhesus
monkeys fed 300 ppm Aroclor 1248 for 3 months
(29).
Cygomegalous or squirrel monkeys fed different

dietary levels of Kanechlor 400 showed weight loss,
palpebral edema, enlargement of the liver and
pneumonia. The lowest effective total dose was 300
mg/kg body weight given over 20-32 weeks (16).
A rhesus monkey fed 3 ppm Aroclor 1242 for 8

months died spontaneously and on autopsy was
found to possess a gastric lesion manifested by ex-
tensive down growth of the epithelium deep into the
subserosa and into the muscular wall of the stomach
itself (25).
One monkey fed 2,4,4'-trichlorobiphenyl and

another fed 2,4,5,4',5'-pentachlorobiphenyl at 10
ppm for 90 days were reported clinically well, and
autopsies showed no positive findings (25, 30).

Third-litter sows received feed containing Aroc-
lor 1242 at a concentration of 20 ppm throughout
gestation and nursing (31). Treated sows differed
significantly from control sows in the number of live
pigs farrowed. Treated sows also had more mum-
mified fetuses. Performance of live-born pigs was
not affected by feeding PCB to the sows during
nursing. Pathologic changes in the sows included
hypertrophy of the liver and erosion of the stomach.
Slight atrophy of the spleen and thyroid gland were
observed in pigs from treated sows (31).

June 1978 175



Dermal toxicity studies in rabbits of technical
PCB samples that contained an average of 60%
chlorine (Phenoclor DP6, Clophen A60, and Aroc-
lor 1260) as well as fractions containing tetra and
pentachlorodibenzofuran have been recently de-
scribed by Vos and Beems (32). PCB-induced skin
lesions were hyperplasia and hyperkeratosis of the
epidermal and follicular epithelium following appli-
cation of 118 mg of the three PCBs (5 times per
week for 38 days) on the back skin of adult female
New Zealand rabbits. Histopathology of the liver
included centrolobular degeneration, centrolobular
liver cell atrophy, focal necrosis, and cytoplasmic
hyalin degeneration. PCB-induced kidney lesions
were hydropic degeneration of the convoluted
tubules and tubular dilation with the presence of
casts. Definitive hyperplasia and hyperkeratosis of
the follicular epithelium of the ear skin were seen
after the topical application of fractions of Phen-
oclor and Clophen, while the fraction from Aroclor
caused a minimal hyperplasia and hyperkeratosis of
the follicular epithelium. Other effects elicited by
the dermal application of the PCBs included
thymus atrophy and lymphopenia as well as ele-
vated excretion of fecal coproporphyria and pro-
toporphyria. From the response of the back skin
and the liver of the rabbit to the three PCB mix-
tures, and from the response of the ear to the 25%
diethyl ether-hexane fractions it was concluded that
there were definite quantitative differences in tox-
icity, at least between the samples used in the above
study and prior studies. The extent to which these
samples are representative of the normal commer-
cial output has not been established; this situation
emphasizes the difficulty in the evaluation of tox-
icity data of PCBs in which the samples may differ
in the amount and nature of toxic impurities.
Vos and Notenboom-Ram (33) compared the

toxicity of Aroclor 1260 with a single isomer
2,4,5,2',4',5'-hexachlorobiphenyl in New Zealand
rabbits. Dermal applications of a total 120 mg
Aroclor 1260 (5 times/week for 28 days) resulted in
early macroscopic skin lesions. The lesions in a
of rabbits treated similarly with 2,4,5,2',4',5'-hexa-
chlorobiphenyl appeared later and were less severe.
When groups of five male mice were fed dietary

levels of 10, 30, 100, and 300 ppm of the PCB isom-
ers 3,4,5,3' ,4' ,5 '-hexachlorobiphenyl, 2,4,5,2',-
4',5'-hexachlorobiphenyl, and 2,4,6,2',4',6'-
hexachlorobiphenyl for 4 weeks it was noted that
the 3,4,5,3'4',5', isomer of hexachlorobiphenyl
caused death in mice at a dietary intake of 10 ppm
(2.1 mg/kg body weight) within 36-47 days of expo-
sure, while consumption of the other two isomers
only resulted in death at a dietary level of 300 ppm
(64.3 mg/kg body weight). Body weight was reduced

at the lowest dose for the 3,4,5,3',4',5', isomer and
only at the highest dose for the other two isomers.
Atrophy of the thymus and hepatomegaly was noted
at the lowest dose in the mice receiving the
3,4,5,3',4',5'-isomer, and only this isomer produced
experimental porphyria.

Avian Subacute Toxic Effect of PCBs
Chickens fed 10 ppm Aroclor 1242, or 100 ppm

Aroclor 1254 showed diminished growth but a die-
tary level of 100 ppm Aroclor 1260 did not produce
this effect (34).
Symptoms of PCB poisoning in birds consist of

tremor, ataxia, ruffling, loss of feathers. Edema of
the subcutaneous tissues and fluid accumulation of
the abdominal and thoracic cavities are characteris-
tic signs at autopsy. These findings are responsible
for this disease being designated chick edema dis-
ease. Several outbreaks of chick edema disease
caused by PCBs have been reported (35-37).

Chicks (one-day-old White Leghorn cockerels)
were fed 2,3,6,2',3',6'-hexachlorobiphenyl,
2,4,6,2',4',6'-hexachlorobiphenyl, 2,3,,2',3',4'-
hexachlorobiphenyl and 2,4,5,2',4',5'-hexachlorobi-
phenyl for 21 days at a level of 400 ppm (38).
The isomer 2,4,5,2',4',5-hexachlorobiphenyl was
also fed at the dietary level of 100 ppm. The
3,4,5,3',4',5' isomer was the most toxic, causing
death of all chicks within 11 days after onset of
exposure. These chicks had chick edema disease,
atrophy of the thymus and loss of subcutaneous and
visceral adipose tissue. The other isomers also
caused weight loss, the 2,4,6,2',4',6' isomer being
the least effective. Liver enlargement was noted for
all groups the 2,3,6,2',3',6' being the least effective
and the 2,4,6,2',4',6' the most effective. The micro-
scopic findings made in the liver were most pro-
nounced in the group fed the 2,4,6,2',4',6' isomer.
(Since the chicks fed the 3,4,5,3',4',5' isomer died
relatively early in the experiment pathological
findings in the livers of these chicks are not com-
parable to those made for the other isomers.)
When chicks were fed 5% rice oil which had pro-

duced Yusho they developed chick edema in 17
days. Similar symptoms were produced when
chicks were fed 400 ppm Kaneclor 400 (39).

Mammalian Reproductive Effects of PCBs
Oral administration of 0.025 mg/day of Clophen

A60 in peanut oil to NMRI-mice for 10 weeks
lengthened the estrus cycle from 6.6 + 2.5 days to
8.7 + 4.3 days (40, 41). Females treated analogously
for 62 days and mated with untreated males exhib-
ited a significant decrease in the implantation rate
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from 87.0% in the controls to 79.5%. Male castrated
mice were given 0.25 g PCB (Clophen A60) in
peanut oil/day by stomach tube for 28 days and 70
,ug testosterone propionate daily on days 19-28. The
dry weights of the seminal vesicles after this treat-
ment period was compared to those of vesicles from
castrated male mice given testosterone but not PCB
and were found to be significantly reduced.
Groups of 10 NMR I female mice were injected

subcutaneously with 50 mg/kg body weight of
Clophen A60 in peanut oil or the vehicle alone on
the day of parturition and thereafter once weekly
for 3 weeks. The 209 offspring were bred when
reaching sexual maturity by mating them in pairs as
follows: 17 pairs of controls, 19 pairs in which the
males had received Clophen A60 as a suckling, 23
pairs in which the female had received Clophen A60
as sucklings and 23 pairs in which both sexes had
received Clophen A60 as sucklings. The controls
had an average of 11.5 offspring per litter while the
parents where both mates received PCBs as suck-
lings had 8.8 offspring per litter. The resorption rate
for both groups was the same but the number of
implantations was reduced. Reproduction was not
affected in those cases in which only one mate re-
ceived the PCB (42).

Keplinger et al. (43) reported low mating indices
and decreased survival of pups for rats receiving
Aroclor 1242 at 100 ppm, and decreased survival of
pups receiving Aroclor 1254 at 100 ppm. No repro-
ductive effects were found with Aroclor 1260 at 1,
10, or 100 ppm, or with Aroclor 1242 or 1254 at 1 or
10 ppm. These studies suggest that in mammals re-
productive effects decrease with increasing chlori-
nation.
Sherman rats were exposed to polychlorinated

biphenyls, Aroclor 1254 and Aroclor 1260. Rats ex-
posed to Aroclor 1254 at dietary levels of 20 ppm or
more had fewer pups per litter than the controls in
the Fib and F2 generations (5). The 100 ppm expo-
sure level of Aroclor 1254 increased mortality in the
Flb offspring and markedly decreased mating per-
formance of the Flb adults. The 500 ppm dietary
level of Aroclor 1260 reduced litter size and de-
creased survival in the F1 litters. Dietary levels of 5
ppm Aroclor 1254 and 100 ppm Aroclor 1260 had no
effect on reproduction in rats exposed through two
generations. Liver weights were increased in 12-day
old F1 male weanlings at the 1 ppm level of Aroclor
1254 and in either sex of F1 and F2 weanlings at 5
ppm or higher levels of both Aroclor 1254 and 1260.
Histological changes in the liver and increased liver
weights were observed in adult rats exposed to the
higher levels. Pregnant rats given Aroclor 1254 at
the rate of 100 mg/kg-day on days 7-15 of gestation
produced grossly normal litters, but only 30.1% of

the pups survived to weaning. Reproduction and
pup survival were not affected at dosage rates of 50
mg Aroclor 1254/kg body weight per day or 100 mg
Aroclor 1260/kg-day.

Rabbits have been found to be more sensitive to
PCBs than rats in regard to fetotoxic and reproduc-
tive effects (44). In rabbits, no effects were reported
at dosages of 6.25 or 10 mg Aroclor 1254/kg-day, but
at dosages of 12.5 to 50 mg/kg-day, fetotoxic effects
were noted. Abortions, maternal death and
stillborns occurred, but no consistent skeletal ab-
normalities were found.

Ringer et al. (45) found that 1 ppm of Aroclor 1254
caused a slight reduction in reproductive success in
mink, but at 5 ppm Aroclor 1254 complete repro-
ductive failure was noted. In the same study, 12
mink were fed a diet containing 30% Coho Salmon
from Lake Michigan. None of the mink whelped,
while 11 of 12 controls whelped.
Female adult rhesus monkeys fed Aroclor 1248 at

a level of 25 ppm for 2 months experienced either
fetal resorption or abortion during their second
month of pregnancy (evidenced by regression in
uterine size and reestablishment of menstruation
(26). A third animal carried her fetus to term. This
infant's weight was considerably lower than the av-
erage rhesus infant (375 g vs. 544 + 101 g) and had 25
,ug PCB/g of adrenal and adipose tissue. Adult
female rhesus monkeys fed 2.5 and 5.0 ppm Aroclor
1248 were bred to control males following the es-
tablishment of a relatively steady tissue level of
PCB at 6 months. Following 3 matings, 12.5% of the
5 ppm group and 37.5% of the 2.5 ppm group was
pregnant compared to 90% in the control group (28).
The conception rate of females bred to PCB-fed
males was equally as great as that in females bred to
control males.

Mammalian Subacute and Reproductive
Effects of PBBs
Male Sprague-Dawley rats maintained on diets

containing 0, 0.1, 0.01, or 1% octobromobiphenyl
for 30 days did not exhibit overt toxicity during this
period (14). Gross pathological studies revealed
enlarged livers and some kidney changes (petechial
hemorrhage, enlargement), while histopathological
changes in the 1% group included liver lesions con-
sisting of centrilobular cytoplasmic enlargement
and vacuolation and kidney lesions consisting of
hyaline degenerative cytoplasmic changes (14).
Thyroid hyperplasia was observed in all rats in all
test groups.

Rats were fed 100 and 1000 ppm octabromo-
biphenyl in their diets and then a number were sac-
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rificed after 2 and 4 weeks of feeding and after 2, 6,
and 18 weeks of recovery on an octabromo-
biphenyl-free diet (46). The hepatocytes were
markedly enlarged in rats fed 100 ppm and 1000 ppm
of the PBB after 2 weeks of treatment. His-
topathologic changes were characterized by
hepatocellular hypertrophy with the pathologic
changes localized mostly in the centralobular zone.
The cytoplasmic inclusions were more pronounced
in the livers of rats fed 1000 ppm than 100 ppm of
the PBB. There was some evidence of recovery,
since the livers of the 100 ppm level animals re-
turned almost to normal 2 weeks after withdrawal of
the compound.

Preliminary 28-day feeding studies in rats with
octabromobiphenyl at 100 and 1000 ppm demon-
strated liver enlargement, hepatocellular alterations
with cytoplasmic inclusions, and accumulative ef-
fects of bromine in the fat, liver and muscle (14).

Norris et al. (47) demonstrated hematological
changes, liver enlargement, and liver and kidney
lesions at all levels of octabromobiphenyl (10, 100,
1000 and 100 ppm) in the diet of rats. When three
groups of primagravid rats were fed diets containing
100, 1000, or 10,000 ppm of octabromobiphenyl
(BB-8) from day 6 through 15 of pregnancy and the
pups delivered on day 20, anasarca was observed in
one fetus at each of the two highest levels and gas-
troschisis was observed in another fetus at each of
these levels (48). No other gross effects were ob-
served in either the mothers or the pups and dose-
related levels of bromine were found in the fetuses.
When 1 g/kg of octabromobiphenyl was applied in

corn oil under occluded conditions to rabbits for 5
hr/day for 10 days over a 2-week period, liver en-
largement was found, while at 0.1 g/kg enlargement
was absent (46).
Hexabromobiphenyl (FireMaster BP-6) fed to

pregnant Sprague-Dawley rats and Swiss/ICR mice
(100 and 1000 ppm) resulted in a dose-dependent de-
crease in mean fetal weight (49). Of 37 pregnant mice
16 were controls, 9 mice received 100 ppm, and 12
received 1000 ppm; of 25 pregnant rats, 12 were con-
trols, 7 rats received 100 ppm, and 6 received 1000
ppm. Exencephaly was produced in the offspring of
the mice that received both 100 (3/121) and 1000 ppm
(2/174), while cleft palate (4/87) and defective kidneys
(2/87) were noted in offspring at the 1000 ppm level.
Nonpregnant mice fed 1000 ppm PBBs for 11 days
showed marked increase in liver size and weight (49).
Cows from the Halbert herd received feed con-

taining PBB at a level of 2914 ppm at a consumption
rate of approximately 15 lb/head/day (200 cows) or 8
lb/head/day (200 cows) for a period of approximately
16 days (50). Early signs of toxicity included
anorexia, decreased milk production, increased fre-

quency of urination, lacrimation, some lameness,
and shrinking of the udder of recently freshened
cows. Upon removal of the contaminated feed ap-
petite improved. Cows bred 4-6 weeks prior to
onset came back in heat suggesting early resorp-
tions. Later signs exhibited by the cows included
hematomas, abscesses, weight loss (particularly in
high producing cows), abnormal hoof growth, rough
hair coat, alopecia, thickening of skin, dystocia,
lack of udder development at freshening, metritis,
and negligible milk production in cows freshening
3-4 months after exposure. Cows also exhibited a
lack of wound healing, general weakness, and were
highly susceptible to stress. Six months after expo-
sure, nonlactating cows showed depression of
appetite, prepartum weakness, failed to develop
signs of labor and died without calving. Gross
pathology included liver and renal degeneration,
and hematomas and abscesses in the peritoneal and
thoracic cavities.
Twelve 6 to 18 month-old heifers and bulls were

offered the contaminated feed ad libitum. Five of
the animals were dead within 6 weeks. Younger
animals became prostrate, went through a short
period of coma and died. Signs and lesions included
testicular atrophy, abdominal adhesions, and mas-
sive liver abscesses. At 5 months only 2 animals
remained alive. These became anorexic, would
consume only milk and developed signs of hyper-
keratosis over the entire body (50, 51).
The health status of 16 herds of dairy cattle ex-

posed to low levels of polybrominated biphenyl
(PBB) was compared with that of 15 control herds.
Milk production of the contaminated herd was not
significantly changed in 1972, 1973, and 1974, and
was not significantly different from that of control
herds in the same years. Mortality of adult cows and
calves, the percentages of cows culled from the
herds because of old age and low production, dis-
ease, or sterility, and the general health conditions
were similar in the two groups. Serum concentra-
tions of calcium, glucose, and cholesterol in con-
taminated herds were significantly different from
those of the control herds, but the relationship to
PBB exposure needs further investigation (52).
A study consisting of an investigation of records

and herd history of herds accidentally exposed to
PBBs was also done (53). Significant findings in-
cluded a decrease in milk production of 20 to 50%;
severe weight loss at calving time; sterility; de-
creased growth rate in young animals; evidence of
soreness and stiffness; poor response to therapy of
common diseases; prolonged wound healing; abnor-
mal hoof growth; calf losses; and malformed calves.
Polybrominated biphenyl was administered to

four cows at a dose rate of 10 mg/head/day for 60
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days. Although the study was not designed as a
toxicology study, retrospective evaluation of the
data provided no evidence of clinical problems
among test animals during the period of exposure to
PBB nor for a year thereafter (54).

Mammalian Toxicity of Chlorinated
Dibenzofurans

It is presently assumed because of our experience
with the chlorinated dibenzodioxins, that 2,3,-
7,8-tetrachlorodibenzofuran is the most toxic com-
pound of this group of chloro chemicals, while the
dibenzofuran itself or the octadibenzofuran have lit-
tle inherent toxicity on an acute basis (1).
Bauer et al. (55) in 1961 demonstrated the toxicity

of mixtures of tri- and tetrachlorodibenzofurans. A
single dose of 1 mg or 0.5 mg/kg body weight given
orally to rabbits caused severe and often fatal liver
necrosis. Application of this material to the rabbit
ear caused severe hyperkeratosis at the application
site.
The single oral LD50 for tetrachlorodibenzofuran

for guinea pigs is between 5 and 10 ug/kg.
Symptoms of toxicity were severe weight loss, at-
rophy of the thymus and spleen. Hemorrhages were
observed in the adrenals, urinary bladder and single
cell necrosis was noted in the liver. CD strain rats
given as much as 1000 jig/kg body weight of the
TCDF failed to show any symptoms of toxicity and
microscopic examination of their tissues did not re-
veal any abnormalities. Similarly, oral single doses
of up to 6000 ug/kg body weight of TCDF failed to
elicit any toxic effect in C57B I mice. A subcutane-
ous dose of 6000 ug/kg given to these mice pro-
duced weight loss, hepatomegaly and atrophy of the
thymus but no fatalities (56).

While these findings indicate that in mice TCDF is
30-fold less toxic than TCDD, the overall estimated
difference in toxicity between TCDD and TCDF is
about tenfold (1, 55, 57).

Avian Toxicity of Chlorinated
Dibenzofurans
When 1-day-old chicks were started on daily oral

doses of 5 ,ug/kg TCDF daily, most of them died
within 11.5 days (56). Of six chicks given daily oral
doses of 1 ,4g/kg, one died. Symptoms of toxicity at
the low as well as the high doses consisted primarily
of weight loss, decreased food consumption and
general failure to thrive. At autopsy the most strik-
ing findings were subcutaneous edema, ascites hy-
dropericardium, and atrophy of the thymus. An in-
flammatory exudate was noticed on microscopic

examination of the lung and the pericardial surface of
the heart showed inflammatory changes. Congestion
and hemorrhage into the gastrointestinal tract was
also observed (56).

Mammalian Toxicity of Brominated
Dibenzofurans
When daily doses of 4 ,ug/rabbit of 2,3,7,8-tetra-

bromodibenzofurans were applied to the rabbit ear
for 5 days, giving a total dose of 20 ,ug/rabbit or
about 5-6 ,ug/kg body weight, the rabbits developed
hyperkeratosis of the treated ear and areas of liver
cell necrosis (58). No other information is presently
available on the toxicity of brominated dibenzofu-
rans.

Long-Term Toxicity Including
Tumorigenesis
Chlorinated Biphenyls: Mice. When male

BALB c/J mice were fed Aroclor 1254 for 11 months
at a dietary level of 0 or 300 ppm (49.8 mg/kg body
weight) 22 of 50 mice in the experimental group and
24 of 50 in the control group survived (59). The livers
of the test animals were markedly increased
in size, and showed a qualitative increase in por-
phyrin. A total of 9 experimental mice showed 10
neoplastic nodules (hematomas, hyperplastic
nodules) in their liver ranging in size from 0.1 to 0.5
cm in diameter. Other morphological changes ob-
served in the livers of the experimental group in-
cluding pleomorphism, areas of necrosis, and foci of
adenofibrosis. Neither tumors nor the other mor-
phological changes were noted in the controls. Only
one of 24 surviving male BALB c/J mice fed Aroclor
1254 for 6 months followed by a control diet for 5
months had a hepatoma (neoplastic nodule)
measuring 0.3 cm in diameter.

Ito et al. (60) fed male dd mice 500, 250, 100, and 0
ppm Kanechlor 500, 400, and 300 in the diet. After
one year, hepatocellular carcinomas were observed
in 5/12 mice fed Kanechlor 500 at a dietary level of
500 ppm; the other seven mice in this group had
nodular hyperplasia (neoplastic nodules). No
metastases were observed. Feeding a, f, or y
hexachlorocyclohexane (BHC) isomers with or
without Kanechlor 500 at a dietary level of 250 ppm
to mice for 24 weeks did not produce any tumors in
the liver of animals receiving only the PCB (59).
Liver tumors were observed in mice receiving 250
ppm a BHC alone or 250 ppm PCB and either 100 or
50 ppm a BHC or 250 or 100 ppm (8 BHC. Thus
PCBs enhanced the tumor development of liver
tumors of a or ,B isomers.
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Chlorinated Biphenyls: Rats. Dietary expo-
sure of male Sherman strain rats to levels of 500
ppm Aroclor 1254 (36.4 mg/kg body weight) for 6
months resulted in pronounced lipid accumulation
in the liver which persisted for a 10-month observa-
tion period following the discontinuation of the
dietary exposure to PCBs. Adenofibrosis (cholan-
giofibrosis), which was observed in the livers of rats
ingesting the PCB for 6 months, was still present 10
months later. Whether this lesion is persistent could
not definitely be determined since high levels of the
higher chlorinated biphenyl isomers were still pres-
ent in adipose tissue and liver (61). Adenofibrosis is a
focal proliferation of glandular epithelium forming
ducts often surrounded by extensive fibrosis. This
lesion usually occurs concomitantly in rat livers
with hepatocellular carcinomas and has been pro-
duced by many known hepatocarcinogens. It was
first described by Edwards and White (62). The ex-
tremely long retention of some PCB isomers in rats
was again noted when male Sherman strain rats
were fed 100 ppm Aroclor 1254 for 6 months and
then allowed to recover for 16 months. A concen-
tration of 4.4 ppm of PCB was present in the liver
and 152 ppm in adipose tissue on a wet weight basis
(63).
Continued dietary exposure to commercial PCB

mixtures in mammals results in their storage in
adipose tissue and over an extended period high
levels may be attained (20, 64). Blood levels are more
a function of the dose, the rate of metabolism,
availability of binding sites in blood, chemical
characteristics of the compound given, rather than
the amount stored in adipose tissue (65).

In another study (63), 200 experimental female
Sherman strain rats were fed 100 mg/kg Aroclor
1260 in the diet (11.6-4.3 mg/kg body weight) for
approximately 21 months, and 200 female rats were
kept as controls. A total of 184 experimental rats
and 173 controls survived to sacrifice at 23 months.
Hepatocellular carcinomas were observed in 26/184
experimental rats and in 1/173 controls. None of the
controls but 146/184 experimental rats had neoplas-
tic nodules within the liver (hyperplastic nodules).
Areas of hepatocellular alteration were noted in
28/173 controls and 182/184 experimental rats. The
incidence of tumors in other organs was not altered
by PCB ingestion and metastases from the liver
tumors were not observed (63). Adenofibrosis of the
liver was also noted in this study. In reporting these
liver tumors the classification developed in a rat liver
tumor workshop was followed (66).

Liver tumors (multiple adenomatous nodules)
were also induced in 6/10 female Donryu rats with
Kanechlor 400 but not in male rats. The dietary ex-
posure varied throughout the study from 38 to 616

ppm (67). The induction of liver tumors by known
carcinogens in Sprague-Dawley rats such as 3'-
methyl-4-dimethylaminoazobenzene, N-2-flu-
orenylacetamide, and diethylnitrosamine was in-
hibited by Kanechlor 500 (68).
Groups of 50 male and female Charles River rats

were fed dietary levels of 0, 1, 10, and 100 ppm of
Aroclor 1242, 1254, and 1260 respectively (69, 70).
At 3, 6, and 12 months after onset of the experi-
ment, 5 rats per each group and sex were sacrificed.
The surviving rats were sacrificed 24 months after
onset of the experiment. The only body weight de-
pression noted was observed in the female rats fed
Aroclor 1254. The author reported that important
histopathologic changes were only noted in the rats
fed the different Aroclors for 24 months.
The liver weights were increased in the male and

female rats fed 100 ppm of Aroclor 1260 and 1254
and only in females fed Aroclor 1242 at a dietary
level of 100 ppm. It was noted that of a total of 20
surviving male and female rats (10 male and 10
female rats) fed 100 ppm Aroclor 1242 in the diet for
24 months 8/20 rats showed liver lesions called
nodular hyperplasia, 2/20 had hepatomas and 1/20
had a cholangiohepatoma.
A total of 27 male and female rats (13 male and 14

female rats) survived to 24 months in the groups of
rats fed 100 ppm Aroclor 1254 of these 13/27 had
nodular hyperplasia of the liver 4/27 showed
hepatomas and 2/27 showed cholangiohepatomas.

Similar findings were made in the total 27 surviv-
ing male and female rats fed 100 ppm Aroclor 1260
for 24 months. In these groups 7/27 male and female
rats had nodular hyperplasia of the liver. 5/27 had
hepatomas, and 2/27 had cholangiohepatomas (70).
Groups of 4 male and 4 female dogs were fed

dietary levels of 0, 1, 10, and 100 ppm Aroclor 1242,
1254, and 1260, respectively, for 2 years; 1 female
fed 100 ppm Aroclor 1242, 1 male fed 10 ppm Aroc-
lor 1242, 1 female dog fed 100 ppm Aroclor 1254, 1
female fed 10 ppm and 1 male and 1 female fed 100
ppm Aroclor 1260 died. At the dietary level of 100
ppm of either Aroclor 1254 or Aroclor 1260 the body
weight gain was slightly decreased for both sexes.
Aroclor 1260 also reduced the body weight gain in
the females at the dietary level of 10 ppm. In the
beagles fed Aroclor 1260 at a dietary level of 100
ppm, the liver weight was increased and the serum
alkaline phosphatase was elevated. All but 1 dog
that died had either chronic peritonitis or chronic
pneumonitis. Many of the dogs fed 10 or 100 ppm of
different PCBs showed chronic inflammation of a
variety of organs. Male dogs fed Aroclor 1254
showed diffuse hyperplasia of the interstitial cells of
the testes and aspermatogenesis (70).
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Other Compounds. No long-term studies on
decachlorobiphenyl, polybrominated biphenyls, or
chlorinated dibenzofurans and chlorinated
naphthalenes have been reported.

Immunosuppressive Effects of PCB and PBB

Polychlorinated biphenyls (PCB) have been impli-
cated as immunosuppressants. Friend and Trainer
(71) found a decreased resistance to duck hepatitis
virus in PCB exposed ducklings. PCB has been
shown to produce lymphoid atrophy in rabbits (32,
72), chickens (17, 73), and guinea pigs (15, 74). In
addition, PCBs were found to suppress humoral im-
mune responses to several antigens in rabbits (72, 75)
and guinea pigs (15, 74) and to suppress cell-mediated
immune reactions in guinea pigs (15). In all of these
studies the PCBs studied have been commercial
mixtures; the role of contaminants such as chlori-
nated dibenzofurans needs to be considered.
The effect of HBB on the immune system was

studied in chickens and guinea pigs (15). In chickens
the atrophy of the lymphoid tissue was observed in
bursal follicles and in the spleen. It suppressed the
humeral immune response in guinea pigs.

Mutagenicity and Teratology

Polychlorinated Biphenyls
The mutagenicity and cytotoxicity of PCBs

Aroclor 1242 and 1254 were studied by Green et al.
(76, 77). The lack of mutagenic activity was mea-
sured by the dominant lethal test was reported for
male Osborne-Mendel rats subjected to four differ-
ent dosage regimens: (1) single oral intubations of
624, 1250 or 2500 mg/kg (for Aroclor 1242); (2) five
daily doses of 125 or 250 mg/kg (for Aroclor 1242);
75, 150, or 300 mg/kg (for Aroclor 1254); (3) five
daily doses of Aroclor 1254 at 150 mg/kg, then
starved overnight prior to mating; (4) chronic feed-
ing for 70 days at a dietary level of 25 or 100 ppm
prior to mating (76). In a second study, bone marrow
and spermatogonial cells were cytogenetically
investigated from Aroclor-treated Osborne-Mendel
rats. Aroclor 1242 was given orally at single doses
of 1250, 2500, or 5000 mg/kg or as four daily doses
of 500 mg/kg-day; Aroclor 1254 was administered
orally as five daily doses of 75, 150, or 300 mg/kg-
day. No statistically significant increases in chro-
mosomal aberrations were found for the Aroclor-
treated rats. As indicated by Green et al. (77), while
these studies were negative in regard to chromo-
somal mutations, they do not entirely rule out the
possibility that PCBs may induce point mutations.
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To date, there are no known reports in the literature
concerning the induction of point mutations by
PCBs in laboratory model systems. The observa-
tions of Nilson and Ramel (78) in Drosophila where
no chromosomal breakage was found among
Clophen A30- or A50-treated flies, are fully consis-
tent with those of Green et al. (76, 77).
Female NMRI mice, given 0.025 mg/day of

Clophen 60 orally, showed evidence of an increased
estrus cycle from 6.6 + 2.5 days to 8.7 ± 4.3 days
and a decreased ova implantation rate from 87.0 to
79.5% (39, 40), also demonstrated a decrease in the
frequency of implanted ova among young animals
nursed on milk containing PCB (Clophen 60). Both
the male and the female contributed to the magnitude
of the reduction of implantations. The mechanism by
which exposure of the developing male to milk con-
taining PCB leads to a reduction in the percent of ova
implanted is unknown but need not necessarily in-
volve dominant lethal events.
No reports of terata were found, but a number of

studies indicated transplacental passage of PCBs.
Grant et al. (79) showed that the concentration of
PCB in fetal tissue from oral administration of
Aroclor 1254 was dose-dependent and that accumu-
lation occurred in fetal liver where higher concen-
trations were found than in maternal liver. Placental
transport of PCB has been reported for the rabbit,
rat, mouse, and cow (79-83). Evidence of placental
trensfer was also observed among Yusho patients.
While PCB has no known or clearly defined
teratogenic effect in mammals, their easy passage
across the placental suggests the possibility of po-
tential for some form of fetal toxicity.

Brominated Biphenyls
Pregnant rats (15) were force-fed 100 mg hexa-

bromobiphenyl/kg body weight in corn oil on days 6,
8, 10, 12, 14 and 16 of pregnancy; 14 control rats
were given corn oil (84). The pups were obtained by
caesarian on day 19 of pregnancy. No terata were
observed and no difference between control, and ex-
perimental rats was noted in any of the other param-
eters studied. Also, five control and six PBB-treated
animals were treated with colchicine and bone mar-
row was studied cytogenetically. Animals treated
with PBB and colchicine had higher metaphase and
mitotic indices than nontreated animals. Chromo-
some aberrations were not noted (84).

Toxicity of Chlorinated
Naphthalenes
The information on chlorinated naphthalenes is de-
rived from a review published by the EPA (85). For
literature references please refer to this report.
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Animal Studies

Tables 5-7 summarize the available studies in
laboratory animals. Three routes of exposure are
reported.

Toxicity in Birds. Penta/hexachloronaph-
thalenes were studied in the diet of turkey poults.
With 5 ppm fed for 40 days a 23% reduction in
weight gain with 6.5% mortality was observed; with
100 ppm all poults died within 33 days. Histopath-
ologic examination showed enlarged and darkened
livers. The LC50 was 20 ppm with an average de-
crease in weight of 51% (86).

Penta/hexachloronaphthalene in the diet of
chickens caused no effects at dietery levels of 4 and
20 ppm (35 days); 100 ppm prevented egg produc-
tion (35 days), and 2550 ppm caused 100% mortality
(14 days). Effects reported included enlarged fi-
brous livers, lack of feather pigmentation, and
pericardial and peritoneal edema. A fourfold in-
crease in vitamin A in the diet decreased toxic ef-
fects (87).

Toxicity in Domestic Animals. Ingestion is the
most important route for exposure of domestic ani-
mals. Highly chlorinated naphthalene poisoning in
cattle is known as bovine hyperkeratosis or X-

Table 5. Dietary exposure.

Chlorinated Exposure
naphthalene Species Dose level time, days Effect

Di- Rat 5 g/kg feed 15 Increase in liver weight, growth
impaired, rough coat

Tri- Mouse 2.5 mg/day 20 None
Tri- Rat 300 mg/day 9-136 Fatty infiltration of liver
Tri/tetra Rabbit 15 mg/kg body weight 60 None
Penta- Rat 50 mg/day 63 Jaundice/fatty degeneration of

liver
Penta/hexa- Rat 300 mg/day 33 Death with yellow livers and

extreme fatty degeneration
Penta/hexa- Rat 100 mg/day 55 Death with yellow livers and

extreme fatty degeneration
Penta- Guinea pig 2.5 mg/kg in oil 48 Death; severe weight loss fatty

degeneration of liver
Hexa- Rat 20 mg/kg 84 Weight loss
Hexa- Rat 63 mg/kg 84 Weight loss
Hexa- Rat 200 mg/kg 84 Death
Octa- Rabbit 1 g Single dose Death in 7 days
Octa- Rat 0.5, 2 or 5 g/kg 22 Decrease in liver but not plasma

vitamin A

Table 6. Inhalation studies.

Chlorinated
naphthalene Species Dose, mg/l. Exposure Effect

Tri- Rat 0.05-0.2 2 hr/day for 20 days No toxic effect
Tri- Rat 1.31 16 hr/day for 134 days No toxic effect
Tri- Rat 10.98 16 hr/day for 102 days Slight liver discoloration, 5% rats

showed increased fatty degeneration
Penta- Rat 1.16 16 hr/day for 52 days Jaundice, enlarged liver and 69% mortality

Table 7. Dermal studies.

Chlorinated
naphthalene Species Dose Exposure Effect

Mono- Rabbit (ear) 90 mg/g acetone 5-7 days Mild reddening
Mono- Rabbit (ear) 500 mg/g acetone 5-7 days Severe reddening, no decrease of

sebaceous glands
Tri- Rat (skin) Not given 2 hr/day/40-60 days None reported
Tri- Mice (skin) Not given 2 hr/day/40-60 days None reported
Penta- Swine (skin) 60 mg/l. 6 days/week-4 weeks Slight hyperkeratosis
Penta- Rabbit (ear) 30 mg/g acetone/day 5 days Mild dermatitis, hair

follicular attenuation
Hexa- Rabbit (ear) 30 mg/g acetone 5 days Decrease in sebaceous glands
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disease. Detailed information on toxic doses is
lacking. The penta/hexa mixture at a dose level of
5.5 mg/kg body weight (orally) for 5 days caused a
sharp drop in plasma vitamin A by the end of the
third day and depressed plasma vitamin A for over
30 days. A single oral dose of 1 mg/kg body weight
of hexachloronaphthalene caused mortality within
two weeks. The first effect of chloronaphthalene
poisoning is an interference with the biotrans-
formation of carotene to vitamin A. The vitamin A
deficiency is quickly followed by inflammation of
the oral mucosa, lacrimation, excessive salivation,
and irregular food consumption. Gross physical ef-
fects that develop during the course of disease in-
clude a general thickening of the skin caused by
over development of the skin's hairy layer with loss
of hair (hyperkeratosis). There may be degeneration
or irregular growth of the horns. Continued expo-
sure results in anemia, dehydration, loss of weight,
fever and death. There may be severe liver damage
(88).
No toxic effects were observed in swine at levels

of 100 mg/kg body weight of the chlorinated
naphthalenes (degree of chlorination was not
marked depression of plasma vitamin A, and death
occurred at a dose level of 198 mg/kg body weight
(89).
Toxic effects in sheep are observed at doses of

chlorinated naphthalene 10 times those required to
produce toxicity in cattle. Sheep do not show
cutaneous hyperkeratosis or an excessive drop in
plasma vitamin A as observed in cattle (90).

Effects reported include nasal discharge, weak-
ness, loss of weight, loss of appetite, ascites, necro-
sis, and cirrhosis of the liver and cardiovascular ef-
fects.

Toxicity in Man
The most important route for man's occupational

exposure to chlorinated naphthalene is inhalation.
Dermal absorption may also occur.

Penta/hexachloronaphthalene at a concentration
of 30 mg/g acetone, applied to the backs of human
volunteers for a period of six weeks caused typical
chloracne (91)

Daily topical application of mono or dichlorinated
naphthalene to the human ear in mineral oil suspen-
sion for 30 days caused no observable effect. Two
clinically distinct but often concurrent syndromes
have been described, namely, liver necrosis, and
chloracne with itching (92, 93). A number of deaths
involving acute atrophy of the liver have been re-
ported; with the course of the disease similar to
other forms of severe liver damage (94, 95). Autop-
sies of fatally exposed workers show severe yellow

atrophy of the liver. Definite data relating to dose
response effects are in general lacking. However,
two dermal studies with man have been reported
(91, 96).
Summary
The degree of toxicity of chlorinated naph-

thalenes increases with the degree of chlorination.
The higher chlorinated naphthalenes (especially
hexa and penta) have been associated with chlor-
acne and liver damage in man. Dose response ef-
fects have not been established.

Cattle are more susceptible to the effects of
chlorinated naphthalene than other domestic ani-
mals. The effects observed include development of
vitamin A deficiency, hyperkeratosis, and liver
damage.

REFERENCES

1. Kimbrough, R. D. The toxicity of polychlorinated polycyclic
compounds and related chemicals. Crit. Revs. Toxicol. 2:
445 (1974).

2. Peakall, D. B., and Risebrough, R. W. PCBs and their en-
vironmental effects. CRC Crit. Revs. Environ. Control 5:
496 (1975).

3. Nelson, N., et al. Polychlorinated biphenyls-environmental
impact. Environ. Res. 5: 249 (1972).

4. Fishbein, L. Toxicity of chlorinated biphenyls. Ann. Rev.
Pharmacol. 14: 139 (1974).

5. Linder, R. E., Gaines, T. B., and Kimbrough, R. D. The
effect of PCB on rat reproduction. Food Cosmet. Toxicol.
12: 63 (1974).

6. Panel on Hazardous Substances. Polychlorinated biphenyls
environmental impact. Environ. Res. 5: 249 (1972).

7. Bruckner, J. V., Khanna, K. L., and Cornish, H. H.
Biological response of the rat to polychlorinated biphenyls.
Toxicol. Appl. Pharmacol. 24: 434 (1973).

8. Grant, D. L., and Phillips, W. E. J. The effect of age and sex
on toxicity of Aroclor 1254. Bull. Environ. Contam. Toxicol.
12: 145 (1974).

9. Ikeda, Y., et al. Studies on the toxicity of hazardous sub-
stances. Special research report on prevention of outbreak
of Yusho and its diagnosis and treatment. 74: 12T (1970).

10. Kitamura, M. Studies on the chronic toxicity. Special re-
search report on prevention of environmental pollution by
PCB-like substances. Environmental health criteria for
polychlorinated bi and terphenyls. Japanese Public Health.

11. Yamamoto, H., and Yoshimura, H. Metabolic studies on
PCBs. III. Complete structure and acute toxicity of the
metabolites of 2,4,3',4'-tetrachlorobiphenyl. Chem. Pharm.
Bull. 21: 2237 (1973).

12. Hodge, H. C., and Sterner, J. H. Tabulation, toxicity
classes. Am. Ind. Hygiene Assoc. Quart. 10: 93 (1949).

13. Hill Top Research Inc. Report to Michigan Chemical Co.,
1970.

14. Aftosmis, J. G., Culik, R., and Lee, K. P. Toxicology of
brominated biphenyls: I. Oral toxicity and embryotoxicity.
Toxicol. Appl. Pharmacol. 22: 316 (1972).

15. Vos, J. G., and van Genderen, H. Toxicological aspects of
immunosuppression. In: Pesticides in the Environment. A
Continuing Controversy (8th International Conference on
Toxicology and Occupational Medicine, Miami), W. B.
Deichman, Ed., Intercontinental Medical Book Co., New
York, 1973.

June 1978 183



16. Nishizumi, M. Light and electron microscope study of
chlorobiphenyl poisoning. Arch. Environ. Health 21: 620
(1970).

17. Vos, J.G., and Koeman, J. H. Comparative toxicologic
study with polychlorinated biphenyls in chicken with special
reference to porphyria, edema formation, liver necrosis, and
tissue residues. Toxicol. Appl. Pharmacol. 17: 656 (1970).

18. Tucker, R. K., and Crabtree, D. G. Handbook of toxicity of
pesticides to wildlife. Bureau of Sport. Fisheries and
Wildlife. Resource Publ. 84. U. S. Dept. of Interior,
Washington, D. C., 1970.

19. Kimbrough, R. D., Linder, R. E., and Gaines, T. B. Mor-
phological changes in livers of rats fed polychlorinated
biphenyls. Arch. Environ. Health 25: 354 (1972).

20. Burse, V. W., et al. Polychlorinated biphenyls, storage, dis-
tribution, excretion, and recovery: liver morphology after
prolonged dietary ingestion. Arch. Environ. Health 29: 301
(1974).

21. Allen, J. R., et al. Responses of rats and nonhuman primates
to 2,5,2',5',-tetrachlorobiphenyl. Environ. Res. 9: 265
(1975).

22. Koller, L. D., and Zinkl, J. G. Pathology of polychlorinated
biphenyls in rabbits. Am. J. Pathol. 70: 363 (1973).

23. Aulerich, R. J., Ringer, R. K., and Iwamoto, S. Reproduc-
tive failure and mortality in mink fed on great lakes fish. J.
Reprod. Fert. (Suppl.) 19: 365 (1973).

24. Platonow, N. S., and Karstad, L. H. Dietary effects of
polychlorinated biphenyls on mink. Can. J. Comp. Med. 37:
90 (1973).

25. McNulty, W. P. Primate study. Paper presented at National
Conference on Polychlorinated Biphenyls, Chicago, 1975.

26. Allen, J. R., Norback, D. H., and Hsu, I. C. Tissue modifi-
cations in monkeys as related to absorption, distribution,
and excretion of polychlorinated biphenyls. Arch. Environ.
Contam. Toxicol. 2: 86 (1974).

27. Barsotti, D. A., and Allen, J. R. Effects of polychlorinated
biphenyls on reproduction in the primate. Fed. Proc. 34: 338
(1975).

28. Allen, J. R. Response of the nonhuman primate to
polychlorinated biphenyl exposure. Fed. Proc. 34: 1675
(1975).

29. Allen, J. R., and Norback, D. H. Polychlorinated biphenyl
and triphenyl induced gastric mucosal hyperplasia in pri-
mates. Science 178: 498 (1973).

30. McNulty, W. P. Oregon State University. Summary of re-
search on PCBs. Experimental Health Sciences Center,
Oregon State University, November 1975.

31. Hansen, L. G., et al. Effect of a polychlorinated biphenyl
mixture on swine reproduction and tissue residues. Am. J.
Vet. Res. 36: 23 (1975).

32. Vos, J. G., and Beems, R. B. Dermal toxicity studies of
technical polychlorinated biphenyls and fractions thereof in
rabbits. Toxicol. Appl. Pharmacol. 19: 617 (1971).

33. Vos, J. G., and Notenboom-Ram, E. Comparative toxicity
study of 2,4,5,2',4',5'-hexachlorobiphenyl and a polychlori-
nated biphenyl mixture in rabbits. Toxicol. Appl. Phar-
macol. 23: 563 (1972).

34. Keplinger, M. L., et al. Toxicological studies with the
chlorinated biphenyls. Paper presented at NIEHS Meeting
on Polychlorinated Biphenyls, Dec. 20-21, 1971.

35. McCune, E. L., Savage, J. E., and O'Dell, B. L. Hy-
dropericardium and ascites in chicks fed a chlorinated hy-
drocarbon. Poult. Sci. 41: 295 (1%2).

36. Kohanawa, M., et al. Poisoning due to an oily by-product of
rice-bran similar to chick edema disease. I. Occurrence and
toxicity test. Natl. Inst. Animal Health Quart. 9: 213 (1%9).

37. Kohanawa, M., et al. Poisoning due to an oily by-product of
rice-bran similar to chick edema disease. II. Tetra-
chlorodiphenyl as toxic substance. Natl. Inst. Animal Health

Quart. 9: 220 (1969).
38. Biocca, M., et al. Toxicology of selected symmetrical hexa-

chlorobiphenyl isomers. 1. Biological responses in chicks
and mice. Proc. EPA Conf. Polychlorinated Biphenyls,
Chicago 1975, p. 67.

39. Goto, M., Sakaguchi, K., and Ogawa, K. Hydropericardium
assay of rice oil which caused Yusho and of Kanechlor 400 in
chickens. Fukuoka Acta Med. 60: 131 (1969).

40. Orberg, J., and Kihlstrom, J. E. Effects of long-term feeding
of polychlorinated biphenyls (PCB, Clophen A60) on the
length of the oestrus cycle and on the frequency of implanted
ova in the mouse. Environ. Res. 6: 176 (1973).

41. Kihlstrom, J. E., et al. Effects of PCB on mammalina repro-
duction. PCB Conference II. National Swedish Environ-
mental Protection Board Publication 4E, (1973), p. 109.

42. Kihlstrom, J. E., et al. Sexual functions of mice neonatally
exposed to DDT or PCB. Environ. Physiol. Biochem. 5: 54
(1975).

43. Keplinger, M. L., et al. Toxicological studies with the
chlorinated biphenyls. Paper presented at NIEHS Meeting
on Polychlorinated Biphenyls, Dec. 20-21, 1971.

44. Villeneuve, D. C., et al. Effects of PCB (polychlorinated
biphenyl), Aroclors 1221 and 1254 administration on micro-
somal enzyme activity in pregnant rabbits. Bull. Environ.
Contam. Toxicol. 6: 120 (1971).

45. Ringer, R. K., Aulerich, R. J., and Zabik, M. Effects of
dietary polychlorinated biphenyls on growth and reproduc-
tion of mink. Paper presented at American Chemical Society
Meeting; Abstracts 12: 149 (1972).

46. Aftosmis, J. G., et al. Toxicology of brominated biphenyls:
II. Skin, eye, and inhalation toxicity and an acute test for
evaluating hepatotoxicity and accumulation in body fat.
Toxicol. Appl. Pharmacol. 22: 316 (1972).

47. Norris, J. M., et al. Toxicological and environmental factors
involved in the selection of decabromodiphenyl oxide as a
fire retardant chemical. J. Appl. Polym. Sci. Appl. Polym.
Symp. Ed. 22: 195 (1973).

48. Aftosmis, J. G., et al. The toxicity of brominated biphenyls.
I. Oral toxicity and embryotoxicity. Paper presented at the
Society of Toxicology Meeting, Williamsburg, Va. 1972;
Toxicol. Appl. Pharmacol. 22: 316 (1972).

49. Corbett, T. H., et al. Toxicity of polybrominated biphenyls
(FireMaster BP-6) in rodents. Environ. Res. 10: 390 (1975).

50. Jackson, T. F., and Halbert, M. S. A toxic syndrome as-
sociated with the feeding of polybrominated biphenyl con-
taminated protein concentrate to dairy cattle. J. Am. Vet.
Med. Assoc. 65: 437 (1974).

51. Welborn, J. A. The contamination crisis in Michigan. A re-
port from the State Senate Special Investigating Committee.
July 1975.

52. Mercer, H. D., et al. Herd health status of animals exposed
to polybrominated biphenyls. J. Toxicol. Environ. Health 2:
335 (1976).

53. Demming, D. V. M. The contamination crisis in Michigan.
Summary of team evaluation effort in herds quarantined for
polybrominated biphenyls (PBB); report from the State Sen-
ate Special Investigating Committee (Senator John A. Wel-
born, Chairman), July 1975.

54. Fries, G. F., and Marrow, G. S. Excretion of polybrom-
inated biphenyls into the milk cows. J. Dairy Sci. 58: 947
(1975).

55. Bauer, H., Schulz, K. H., and Spiegelberg, U. Berufliche
Vergiftungen bei der Herstellung von chlorophenol Verbin-
dungen. Arch. Gewerbepath. Gewerbehyg. 18: 538 (1961).

56. Moore, J. A., Gupta, B. N., and Vos, J. G. Toxicity of
2,3,7,8-tetrachlorodibenzofuran. Paper presented at Na-
tional Conference on Polychlorinated Biphenyls, Chicago,
1975.

57. Vos, J. G. (Institute of Veterinary Pathology. Biltstraat 172,

184 Environmental Health Perspectives



Utrecht, The Netherlands), personal communication.
58. Kimbrough, R. D. (CDC, HEW, Atlanta, Ga.), personal

communication.
59. Kimbrough, R. D., and Linder, I. E. Induction of adenofi-

brosis and hepatomas of the liver in BALB c/J mice by
polychlorinated biphenyls (Aroclor 1254). J. Natl. Cancer
Inst. 53: 547 (1974).

60. Ito, N., et al. Histopathological studies on liver tu-
morigenesis induced in mice by technical polychlorinated
biphenyls and its promoting effect on liver tumors induced
by benzene hexachloride. J. Nati. Cancer Inst. 51: 1637
(1973).

61. Kimbrough, R. D., et al. Adenofibrosis in the rat liver. Arch.
Environ. Health 27: 390 (1973).

62. Edwards, R. Some factors in the separation of
polychlorobiphenyls (PCBs) from organochlorine pesticides
by column chromatography combined with gas-liquid chro-
matography. Pestic. Sci. 5: 293 (1974).

63. Kimbrough, R. D., et al. Induction of liver tumors in Sher-
man strain female rats by polychlorinated biphenyl Aroclor
1260. J. Natl. Cancer Inst. 55: 1453 (1975).

64. Curley, A., et al. Polychlorinated biphenyls: distribution and
storage in body fluids and tissues of Sherman rats. Environ.
Res. 4: 481 (1971).

65. Smrek, A., et al. Pharmacokinetics of mirex in goats. I. Ef-
fect on reproduction and lactation. J. Agr. Food Chem. 25:
1321 (1977).

66. Squire, R. A., and Levitt, H. Report of workshop on clas-
sification of specific hepatocellular lesions in rats. Cancer
Res. 35: 3214 (1975).

67. Kimura, N. T., and Baba, T. Neoplastic changes in the rat
liver induced by polychlorinated biphenyl. Gann 64: 105
(1973).

68. Makiura, S., et al. Inhibitory effect of polychlorinated
biphenyls on liver tumorigenesis in rats treated with
3'-methyl-4-dimethylaminoazobenzene, N-2-fluorenyl-
acetamide and diethyl nitrosamine. J. Natl. Cancer Inst.
53:1253 (1974).

69. Calandra, J. C. Summary of toxicological studies on com-
mercial PCBs. Two-year chronic oral toxicity study of
Aroclor 1242, 1254, 1260 in beagle dogs. Monsanto Com-
pany, St. Louis, 1976.

70. Wheeler, E. P. Two year chronic oral toxicity study of
Aroclor 1242, 1254, and 1260 in albino rats and beagle dogs.
Monsanto Co., St. Louis, Nov. 17, 1971.

71. Friend, M., and Trainer, D. 0. Polychlorinated biphenyl:
interaction with duck hepatitis virus. Science 170: 1314
(1970).

72. Street, J. C., and Sharma, R. P. Alteration of induced cellu-
lar and humoral immune responses by pesticides and chemi-
cals of environmental concern: quantitative studies of im-
munosuppression by DDT, Aroclor 1254, carbaryl, carbofu-
ran, and methylparathion. Toxicol. Appl. Pharmacol. 32: 587
(1975).

73. Flick, D. F., O'Dell, R. S., and Childs, V. A. Studies of the
chick edema disease. Similarity of symptoms produced by
feeding chlorinated biphenyl. Poult. Sci. 44: 1460 (1965).

74. Vos, J. G., and DeRoij, T. L. Immunosuppressive activity of
a polychlorinated biphenyl preparation on the humoral im-
mune response in guinea pigs. Toxicol. Appl. Pharmacol. 21:
549 (1972).

75. Koller, L. D., and Thigpen, J. E. Reduction of antibody to
virus in polychlorinated biphenyl-exposed rabbits. Am. J.
Vet. Res. 34: 1605 (1973).

76. Green, S., Sauro, F. M., and Friedman, L. Lack of dominant
lethality in rats treated with polychlorinated biphenyls. Food

Cosmet. Toxicol. 13: 507 (1975).
77. Green, S., et al. Lack of cytogenetic effects in bone marrow

spermatogonial cells in rats treated with polychlorinated
biphenyls. Bull. Environ. Contam. Toxicol. 13: 14 (1975).

78. Nilson, B., and Ramel, C. Genetic tests on Drosophila
melanogaster with polychlorinated biphenyls (PCB).

A Hereditas 77: 319 (1974).
9. Grant, D. L., et al. Placental transfer of polychlorinated

biphenyls in rabbits. Environ. Physiol. 1: 61 (1971).
t0. Platonow, N., and Chen, N. Y. Transplacental transfer of

polychlorinated biphenyls (Aroclor 1254) in a cow. Vet. Rec.
92: 69 (1973).

/j81. Berlin, M., Gage, J., and Holm, S. The distribution and me-
tabolism of 2,4,5,2',5'-pentachlorobiphenyl. Arch. Environ.
Health 30: 141 (1975).

82. Melves, B., and Brandt, I. The distribution and metabolism
of labelled polychlorinated biphenyls in mice and quails.
PCB Conference II. National Swedish Environment Board,

/ Publication 4E (1973), p. 87.
cA3. Brandt, I., and Ullberg, S. Distribution of hexa- and oc-

tachlorobiphenyl in mice and quails. Report to the National
Swedish Environment Protection Board, 1973.

84. Ficsor, G., and Wertz, G. F. Polybrominated biphenyl non-
teratogenic C-mitosis synergist in the rat. Paper presented at
the 7th Annual Meeting the Environmental Mutagen Soci-
ety, Atlanta, Ga., 1976.

85. EPA. Chlorinated Naphthalenes. In: Environmental Hazard
Assessment Report, Preliminary Environmental Health As-
sessment of Chlorinated Naphthalenes, Silicones,
Fluorocarbons, Benzenepolycarboxylates and
Chlorophenols. EPA 560/8-75-001, available through Na-
tional Technical Information Service, Springfield, Va.
22151.

86. Pudelkiewicz, W. J., et al. Some physiological responses of
broad breasted bronze poults to chlorinated naphthalene.
Poultry Sci. 37: 185 (1958).

87. Pudelkiewicz, W. J., et al. Some physiological responses of
New Hampshire chickens to a mixture of penta- and hexa-
chloronaphthalenes. Poultry Sci. 38: 424 (1959).

88. Olson, C. Bovine hyperkeratosis (X-Disease, highly chlori-
nated naphthalene poisoning) historical review. In: Ad-
vances in Veterinary Sciences and Comparative Medicine,
Vol. 13, C. A. Bradly and C. E. Cornelius, Eds., Academic
Press. New York, 1969, pp. 101-157.

89. Link, R. P., Smith, J. C., and Newton, D. I. Toxic effect of
chlorinated naphthalenes in pigs. J. Amer. Vet. Med. Assoc.
133: 83 (1958).

90. Brock, W. E., et al. Chlorinated naphthalene intoxication in
sheep. Amer. J. Vet. Res. 18: 625 (1957).

91. Hambrick, G. W. The effect of substituted naphthalenes on
the pilosebaceous apparatus of rabbit and man. J. Invest.
Dermat. 28: 89 (1957).

92. Kleinfeld, M., Messite, J., and Swencicki, R. Clinical effects
of chlorinated naphthalene exposure. J. Occup. Med. 14: 377
(1972).

93. Collier, E. Poisoning by chlorinated naphthalenes. Lancet 1:
72 (1943).

94. Greenburg, L., Mayers, M. R, and Smith, A. R. The sys-
temic effects resulting from exposure to certain chlorinated
hydrocarbons. J. Ind. Hyg. Toxicol. 21: 29 (1939).

95. Strauss, N. Hepato-toxic effects following occupational ex-
posure to Halowax (chlorinated hydrocarbons). Rev. Gas-
troenterol. 11: 381 (1944).

96. Shelly, W. G., and Kligman, A. M. The experimental pro-
duction of acne by penta- and hexachloronaphthalenes.
Arch. Derm. 75: 689 (1957).

June 1978 185


